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Expression of the proto-oncogene c-KIT
in normal and tumor tissues
from colorectal carcinoma patients

Abstract Background and aims: The
proto-oncogene c-KIT encodes a ty-
rosine kinase receptor essential dur-
ing embryonic development and
postnatal life. Although deregulated
expression of ¢-KIT has been report-
ed, its role in colorectal carcinoma
remains controversial: some authors
have described a correlation between
c-KIT expression and colorectal
cancer (CRC), while others have
failed to detect the receptor in the
majority of neoplasia examined. To
address this question, we designed a
prospective study to analyze the ex-
pression of c-KIT in normal and
neoplastic colonic mucosa of the
same patient. Patients and methods:
We analyzed the tissues of 20 pa-
tients undergoing surgical resection
for colorectal carcinoma by reverse
transcriptase-polymerase chain reac-
tion, Western blot and immunohisto-
chemistry, whose results were corre-
lated with histopathological parame-
ters. Results: Most patients (90%)
showed c-KIT expression in normal

tissue both at RNA and protein level,
while in neoplastic tissue it was ob-
served in 30% of patients at RNA
level and in 10% at protein level. By
immunohistochemistry the localiza-
tion of ¢-KIT protein in the normal
colon was restricted to interstitial
cells scattered in the stroma, whereas
the non-neoplastic epithelium was
always negative. The mucinous car-
cinomas were all c-KIT negative,
whereas the only case in which c-KIT
was displayed in the neoplastic epi-
thelium was a G3 adenocarcinoma.
Conclusion: Most colorectal carci-
nomas do not express c-KIT. We
suggest that c-KIT expression is
rarely present in this neoplasia; thus,
the use of receptor inhibitors should
be conducted in selected sub-groups
of colon carcinoma patients, subse-
quent to the clear demonstration of c-
KIT overexpression in the neoplastic
cells.
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Introduction

In spite of the major advances made toward its screening
and early diagnosis, colorectal cancer (CRC) is one of the
leading causes of cancer death in Western countries. For
instance, in Europe CRC remains the second-mostfre-
quent neoplasia, with over 100 new cases per 100,000/
year and a 50% 5-year survival rate [1]. However, the
development of new chemotherapeutic agents is improv-
ing the survival, and the increased knowledge about the

genetic and molecular basis of CRC now offers the op-
portunity for novel therapeutic approaches based on in-
hibition of specific targets with selected molecules or
antibodies. Indeed, drugs that are able to inhibit the epi-
dermal growth factor receptor (EGFR), or the vascular
endothelial growth factor (VEGF), have shown activity
against CRC and are being tested in clinical trials [2]. In
this context, the evaluation of the expression and of the
activity of different growth-related kinases in CRC might
lead to new therapeutical approaches [3].
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A potential therapeutic target in several human malig-
nancies is the ¢-KIT receptor [4]. c-KIT is a type III ty-
rosine kinase receptor that plays a fundamental role in the
establishment, survival, and maintenance of hematopoietic
cells, melanocytes and germ cells [5]. Activation of c-KIT
by its ligand stem cell factor (SCF) promotes dimerization
and autophosphorylation of the receptor at specific tyro-
sine residues, which serve as docking sites for intracellular
proteins involved in signal transduction pathways [5].
Aberrant expression of c-KIT and/or SCF has been re-
ported in gastrointestinal stromal tumors (GISTs), breast,
lung, neural and prostatic tumors [4]. c-KIT is required for
differentiation or survival of some cancer cells and ap-
pears to positively correlate with carcinogenesis [6, 7].
However, other authors have reported that KIT activation
can instead promote apoptosis and be protective against
development of other types of cancer [8, 9].

With regard to CRC, while some authors have dem-
onstrated the expression of both c-KIT transcript and
protein [10], a number of other reports have shown rare if
any expression of c-KIT in CRC tissue [11, 12, 13]. Most
of these studies were retrospective and not specifically
aimed at investigating c-KIT expression in CRC [11, 12],
and did not analyze both the RNA and protein levels of c-
KIT in each patient.

The recent development and approval of the selective
tyrosine kinase inhibitor [14] imatinib mesylate (STI571;
Glivec, Novartis, Basel, Switzerland,) specific for c-KIT,
Abl and PDGEF receptor, as targeted therapy in chron-
ic myelogenous leukemia (CML) [15] and GISTs [16],

Table 1 Demographical and clinicopathological parameters of the
20 patients evaluated. Each patient was classified according to pT
stage and nodal status (pTNM system, UICC), histologic tumor
type (adenocarcinoma or other type), tumor differentiation (G1 to 3
indicates high, medium, or low tumor cell differentiation, respec-

makes the possible role of c-KIT in CRC of great in-
terest.

We have therefore designed a prospective study to
analyze matched normal and neoplastic tissues of CRC
patients for c-KIT expression using Western blot, re-
verse transcriptase-polymerase chain reaction (RT-PCR),
and immunohistochemistry. The results obtained are dis-
cussed in the frame of the current knowledge on the role
of the c-KIT proto-oncogene in CRCs.

Materials and methods
Patients and tissues

CRC and corresponding normal samples were obtained, under in-
formed consent, from 20 patients (mean age 66.5 years, twelve
women, eight men) who underwent surgical resection at the Sur-
gical Oncology Department of S. Filippo Neri Hospital, Rome,
Italy. Clinical and demographical features of the population studied
are detailed in Table 1. Each sample was divided in three parts, one
of which was fixed in formalin for histological analysis; the re-
maining two were frozen in liquid nitrogen within 20-30 min of
collection and stored at —80°C.

Gross and microscopic examination of the resected specimens
included measurement of dimensions, an estimate of the depth of
tumor invasion, and an assessment of the histological features
(pTNM). Tumor samples free of necrosis were used for the fol-
lowing analyses.

tively) and tumor localization (right colon, left colon, rectum).
Ki-67 values are expressed as described in the Materials and
methods section. First-degree family history of CRC was recorded
except in two cases indicated as ND

Case Sex Age Tumor Tumor PTNM Dukes’ Tumor CRC family Ki-67
site histology stage class diff. (G) history
1 F 60 Left colon Mucinous T4N2M1 C 3 No +
2 F 78 Rectum Adeno T2N1Mx C 3 No +++
3 F 52 Left colon Adeno T4N1Mx C 3 Yes +++
4 F 74 Left colon Adeno T3N1Mx C 3 No +++
5 M 70 Right colon Mucinous T3NOMx B 3 No +++
6 F 68 Rectum Adeno T3NOMx B 3 No +++
7 M 81 Right colon Adeno T3NOMx B 3 No +++
8 F 75 Rectum Mucinous T4AN3M1 C 3 No +++
9 M 67 Rectum Adeno T3NOMx B 3 No +++
10 M 59 Right colon Adeno T4AN3Mx C 3 No +++
11 F 60 Rectum Adeno T3N2Mx C 2 No +4+
12 F 62 Rectum Cloacogenic T2NxMx A 3 No +++
13 M 52 Left colon Mucinous T3N1Mx C 3 No -+
14 F 72 Right colon Adeno TINOMx A 2 Yes ++
15 F 39 Left colon Adeno T2NOMx A 3 No +++
16 M 80 Left colon Adeno TAN2Mx C 3 No +++
17 M 77 Right colon Adeno T3NOMx B 3 No +++
18 F 49 Right colon Adeno T3NOMx B 2 No +++
19 M 63 Right colon Adeno T4N2M1 C 3 ND +++
20 F 86 Left colon Adeno T3NOMx B 2 ND +++
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Histological analysis

For histological analysis, paraffin-embedded formalin-fixed tissue
samples of normal and neoplastic tissues were cut, and 3-um thick
sections were stained with hematoxylin-eosin stain. Each CRC was
classified as adenocarcinoma, mucinous carcinoma and cloacogenic
carcinoma according to the World Health Organization’s histopa-
tologic classification of digestive tract tumors. These were graded
as moderately and poorly differentiated carcinomas.

RNA and protein extraction

Frozen normal and neoplastic tissues of every patient were used for
RNA or protein extraction. Total RNA was extracted by homoge-
nization of samples in TRIzol reagent (Invitrogen, Life Technolo-
gies Cat. No. 15596-026) following the manufacturer’s instructions.
Tissue fragments for protein extraction were homogenized in
homogenization buffer (20 mM HEPES, pH 7.5, 120 mM KCl,
0.1 mM ethyleneglycol-bis (S-aminoethyl ether)-N,N,N’,N’-tetra-
acetic acid, 1% Triton-X-100, 10 mM S-glycerophosphate, 10 ug/
ml leupeptin, and 10 pg/ml aprotinin). The extracts were cen-
trifuged for 15 min at 12,000 xg at 4°C before collecting the su-
pernatant. The protein concentration in the supernatant was deter-
mined using the Bio-Rad protein assay (Bio-Rad, Cat. No. 500-
0006), following the manufacturer’s instructions.

RT-PCR analysis

RT-PCR was performed using the RT-PCR kit (GibcoBRL, Life
Technologies, Cat. No. 28025-021), according to the manufactur-
er’s instructions. To synthesize complementary DNA (cDNA), 4 ug
total RNA and 750 ng of random primers were used. For every
cDNA the amplification reaction was made with primers for the c-
kit gene and for the S-actin gene, used as internal control. The PCR
was performed in 25 ul, using 1.5 mM MgCl,, 200 uM of each
dNTP, and 1 ul of cDNA reaction. For c-kit, the PCR protocol was
as follows: 95°C/5 min for denaturation step, followed by 35 cycles
of denaturation at 95°C for 30 s, annealing at 55°C for 30 s, and
extension at 72°C for 1 min. The final extension period was 7 min
at 72°C. Two primers, spanning from exon 14 to exon 21, were
used: 5'-GGCCCACCCTGGTCATTACAGA-3’ (forward) and 5'-
AGGGATCCTGCTCAGACATCGTCGTGCACAAG-3' (reverse).
Primer concentration was 0.5 uM; the predicted size of the c-kit-
PCR product was 944 bp. For B-actin, the PCR protocol was as
follows: 94°C/5 min for denaturation step, followed by 30 cycles of
denaturation at 94°C for 1 min, annealing at 52°C for 1 min, and
extension at 72°C for 1 min. The final extension period was 10 min
at 72°C. The primers used (0.5 uM) were: 5'-CGTGGACATC-
CGCAAAGAC-3' (forward) and 5'-CTCGGCCACATTGTGAA-
CT-3’ (reverse). The predicted size of the S-actin-PCR product was
484 bp.

Western blot analysis

For detection of c-KIT protein, tissue extracts (60 ug) were sepa-
rated by SDS-PAGE, transferred onto polyvinylidene fluoride
(PVDF) membrane (Immobilon-P, Millipore, Cat.No. IPVH00010),
and subjected to Western blot analysis. Briefly, the first antibody
incubation was carried out with either a polyclonal anti-c-KIT
antibody (Santa Cruz Biotechnology, Inc., Cat. No. sc-168; 1:1000
dilution) or a rabbit polyclonal anti-Actin antibody (Sigma, Cat.
No. A 2066; 1:500 dilution); secondary antibody incubation was
carried out with antirabbit IgGs conjugated to horseradish peroxi-
dase (Amersham, Cat. No. NA934; 1:10000 dilution). The anti-c-
KIT antibody is directed against aa. 958-976 within the carboxy

terminal domain of the protein. The blot was developed using the
ECL Western blotting chemiluminescence detection system (Santa
Cruz Biotechnology, Inc., Cat. No. sc-2048), following the manu-
facturer’s instructions. To compare the intensity of the bands be-
tween normal and neoplastic tissues, we used the Molecular Ana-
lyst software from Bio-Rad Laboratories, Inc. (version 1.4, Her-
cules, CA).

Immunohistochemistry

Sections from formalin-fixed and paraffin-embedded normal and
tumor tissues were processed for immunohistochemistry using a
policlonal anti-c-KIT antibody (Dako, Cat. No. A4502) or a
monoclonal anti-Ki67 antibody (Dako, Cat. No. M72-10), both at
1:100 dilution. The sections were incubated with primary antibody
for 1 h, with biotinylated antibody for 20 min, and with strepta-
vidin for 10 min. These latter two reagents were included in the
“super sensitive immunodetection system kit” (Biogenex, Cat.
No0.QP900-9L) and were used following the manufacturer’s in-
struction. The product of peroxidase reaction was revealed by 3-3/
diaminobenzidine tetrahydrochloride (DAB, UCS Diagnostic, Cat.
No. DBCI125). The slides were counterstained with hematoxilin
and mounted with coverslips. Specific staining with anti-c-KIT
antibody was defined as presence of staining in the plasma
membrane and/or cytoplasm; specific staining with Ki67 was de-
fined as presence of staining in the nuclei of tumor cells. Sec-
ondary antibody alone or non-immune rabbit IgGs used as controls
did not produce staining. Tumors were assessed as c-KIT negative
if all or most of the cancer cells were unstained (<15-20% positive
cells) and as c-KIT positive if 20% or more of the cells were
immunostained. c-KIT positivity of stromal fibroblasts, infiltrating
lymphocytes, mast cells, or Cajal cells was not considered.

The expression of Ki67 was evaluated on a three-point scale as
follows: “+” if fewer than 20% of neoplastic cells were immuno-
labeled; “++7 if 20% to 50% of neoplastic cells were immunola-
beled and “+++” if more than 50% of neoplastic cells were im-
munolabeled. Positivity of samples for c-KIT and Ki67 was as-
sessed by counting the positive cells in ten different fields.

SAGE analysis

The publicly available SAGEmap (http://www.ncbi.nlm.nih.gov/
SAGE) database was searched for expression of c-KIT (Hs.81665)
in normal and neoplastic CRC cells. We searched two libraries of
bulk normal colonic epithelium (B_NC1 and B_NC2), two bulk
CRC tissues (B_Tul02 and B_Tu98) and four CRC cell lines
(CL_HCT116, CL_Caco2, CL_SW837, CL_RKO).

Results

Histology

The histopathological features of the 20 patients are re-
ported in Table 1. In brief, the diagnosis of mucinous
carcinoma was done in four cases, and of cloacogenic
carcinoma in one case, the remaining 15 cases being
adenocarcinomas. Sixteen out of the 20 cases were clas-
sified as grade 3, and the remaining four as grade 2.
According to Dukes’ class, ten cases were Dukes’ C,
seven Dukes’ B and three Dukes’ A.



548

Table 2 Summary of the ob-

. . Patient RT-PCR Western blot Immunohistochemistry ~ Correlation
tal,r}ed results. Fpr each patient, (total tissue) (total tissue) (epithelium only)
“+” means readily detected
signal, “+/-" means low signal, N T N T N T
and “~” means no detection. For
the immunohistochemistry data, 1 + - + - - - Yes
only signal in the epithelium of 2 + + + - - - Yes
both normal (N) and tumor (T) 3 + - + - - + No
samples is considered, while the 4 + - + - - - Yes
positivity in the stroma is not 5 + +- + - - - Yes
reported because it was the 6 + +- + - - - Yes
same in all specimens of both 7 - - + - - —* Yes
normal and tumor samples. The 8 + N + - - - Yes
asterisk means focal staining in 9 ND ND + - - = Yes
less than 20% of the epithelial 10 ND ND + - - - Yes
cells. The correlation column 11 + += + - - + No
takes into account only the tu- 12 ND ND + - - - Yes
mor samples; the label “Yes” 13 + +- + - - - Yes
means that the result obtained 14 + + + + - —* No
by immunohistochemistry cor- 15 + - + - - - Yes
relates with that obtained by 16 + +- + - - + No
Western blot, or by both RT- 17 + + + ++ - ++ Yes
PCR and Western blot, in the 18 + + - - - —* Yes
same sample 19 - - - - - —k Yes
20 + + + - - + No
Patient: 4 6 16 2 5 13 14 17
bSample: NTNTNTPDNTNTNTNT NT
P
1500 = o
1?28: —TT e e - - o c-kit (944 bp)
f . £
750 am
500 =—

250 —

Fig. 1 C-KIT mRNA expression in colon carcinomas. c-KIT am-
plification from representative samples using oligonucleotide se-
quences corresponding to exon 14 (forward primer) and exon 21
(reverse primer). The expected band is 944 bp long (upper panels).
B-actin was amplified from the same samples as internal control of
the RT-PCR, the expected band is 484 bp long (lower panels). For

RT-PCR detection of ¢-KIT transcript

RNA for PCR analysis was obtained from 17 of the 20
subjects examined. The cDNA obtained by RT reactions
was amplified by PCR using a forward primer in the exon
14 and a reverse primer in the exon 21. In the normal
colon tissues we found that c¢-KIT was expressed in 15
samples (88%), and not detected in two samples (12%)
(patients 7 and 19, Table 2). Interestingly, we found that
among the 15 patients that showed c-KIT expression in
the normal tissue, five did not express c-KIT mRNA in
the tumor (33%), five had a reduced expression level of
the receptor (33%) and five showed the same expression
level as in the control counterpart (33%) (Table 2). The
two patients that were negative for c-KIT mRNA in the
normal tissue were also negative in the neoplastic tissue
(Table 2). c-DNA prepared from PD melanoma cell line,

-m —-n-——-—— .- B-actin (484 bp)

all patients N means normal and 7 means tumor tissue. PD is a
positive control obtained from a melanoma cell line. Marker is MBI
Fermentas, Gene ruler 1 Kb (Cat.No. SM0311). Agarose gel (1%).
We ran 0.5 ug for the marker, and half RT-PCR reaction for all
samples

which expresses high levels of the c-KIT receptor, was
used as positive control. The integrity of mRNA and ef-
ficiency of the RT reactions were assessed by amplifying
the S-actin gene from the same samples. Representative
samples are shown in Fig. 1. The upper panel shows the
amplification of c-kit gene (944 bp band); the bottom
panel shows the amplification of the S-actin gene (484 bp
band) from the same samples.

Western blot analysis of ¢c-KIT protein expression

We had the possibility to analyze all 20 patients by
Western blot. In 16 patients (80%) the c-KIT band
showed a stronger intensity in normal than in neoplastic
tissue (Table 2), and five representative samples are
shown in Fig. 2. Two patients (10%) showed either the
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Fig. 2 C-KIT protein expression in colon carcinomas. Western blot
analysis was performed using the anti-c-KIT antibody. Represen-
tative samples are shown. The band of 145 kDa corresponding to c-
KIT is indicated. N means normal and 7" tumor tissues. The positive

same level of c-KIT expression in both normal and neo-
plastic specimens (patient 14, Table 2), or stronger ex-
pression in tumor than normal tissue (patient 17, Table 2).
Finally patients 18 and 19 did not show detectable levels
of expression of the c-KIT protein in either normal or
neoplastic tissue (Table 2).

Comparing the patients that we could examine by both
Western blot and RT-PCR, there was a good correlation
in 13 out of 17 subjects (76%) (Table 2). In three cases
(patients 2, 18 and 20), we were able to detect c-KIT in
the tumor by RT-PCR, but not by Western blot, while in
only one case (patient 7) could we detect c-KIT in the
control tissue by Western blot, but not by RT-PCR. Al-
though we were able to amplify actin from this sample, it
is possible that partial degradation of the mRNA had
occurred. Thus, c-KIT expression appears to decrease in
most cancer tissues examined both at the mRNA and at
the protein levels.

In one patient in which c-KIT protein was decreased in
the neoplastic tissue, we found that a truncated form of
the receptor of approximately 27 kDa was expressed both
in non-neoplastic and tumor tissue (patient 20).

Detection of c-KIT protein by immunohistochemistry

To analyze the cellular localization of c-KIT protein,
we performed immunohistochemistry on each specimen
studied. Immunoreactivity to c-KIT was always absent in
the epithelial compartment of samples from normal tis-
sues (Table 2), while it was found to be localized in the
stromal and inflammatory elements and it was not re-
ported in Table 2. In the case of neoplastic tissues, nine
out of the 16 patients in which c-KIT expression was
decreased by Western blot analysis were completely neg-
ative at the epithelial level (Fig. 3A, B), three samples

N T N T
14 17

control is recombinant c-KIT extracted from transfected cells.
Staining with the anti-actin antibody, used as internal control of
sample integrity, is shown in the lower panels: the expected band is
42 kDa; the positive control is a rat brain extract

15

(patients 6, 7 and 9) showed a focal epithelial immuno-
staining (<20% of the cells; asterisks in Table 2), and the
last four samples (patients 3, 11, 16 and 20), showed a
more diffuse immunostaining at the epithelial level (be-
tween 20 and 50% of the epithelial cells). A focal epi-
thelial immunostaining was also observed in two pa-
tients (patients 18 and 19) which did not express c-KIT
both in normal and tumor tissue by Western blots and in
one patient expressing-c-KIT at tumor level (patient 14)
(Table 2). All neoplastic samples examined, due to ex-
pansion of the epithelial compartment, were characterized
by a quite reduced stromal component. Since the stroma is
the source of the only c-KIT positive cells in normal
colon, its reduction in tumor samples may account for the
decreased c-KIT protein and mRNA levels detected by
our Western blot and RT-PCR analyses in tumor speci-
mens with respect to normal tissue.

With regard to the patient (patient 17) in which c-
KIT was overexpressed in the tumor tissue, as judged
by Western blot analysis, immunohistochemistry shows
(Fig. 3D) that the epithelium of the neoplastic colon is
strongly positive to c-KIT, whereas the normal epitheli-
um (Fig. 3C) was negative, like in all the other patients
examined.

Thus, ¢-KIT positivity in immunohistochemistry (from
diffuse to strong staining) was found in five out of 20
patients examined (25%). An interesting observation from
the immunohistochemistry results is that c-KIT protein
was never found in the epithelium of the four mucinous
carcinomas and of the only cloacogenic carcinoma ex-
amined (compare Tables 1 and 2). In all tumor samples,
we found a strong positive staining for the well-known
marker of cell proliferation Ki-67 (Table 1); however, no
relationship between Ki-67 and c-KIT expression were
found.
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Fig. 3A-D Immunolocalization A

of ¢-KIT in normal and neo-

plastic colon. Specimens from

two patients are shown: in the

upper panels are displayed the

normal (A) and neoplastic (B)

samples of patient 5, a repre-

sentative example of patients in

which ¢-KIT was decreased in 4
the neoplastic tissue by both "
RT-PCR and Western blot. The
c-KIT staining is restricted to
stromal cells in both specimens;
in the lower panels are dis-
played the normal (C) and
neoplastic (D) samples of pa-
tient 17, in which c-KIT was
overexpressed in the neoplastic
tissue by both RT-PCR and
Western blot. The c-KIT stain-
ing is restricted to mast cells
and Cajal cells in the normal
colon, whereas it is abundantly
expressed in the epithelium of
the neoplastic colon

SAGE analysis

The available SAGEmap (http://www.ncbi.nlm.nih.gov/
SAGE) database was interrogated for the possible dif-
ferential expression of c-KIT (Hs.81665) in normal and
neoplastic CRC cells. We searched two libraries of bulk
normal colonic epithelium (B_NC1 and B_NC2), two
bulk CRC tissues (B_Tul02 and B_Tu98) and four
CRC cell lines (CL_HCT116, CL_Caco2, CL_SW&37,
CL_RKO) but no tags corresponding to c-KIT were found
in any of the libraries examined.

Discussion

Several studies have suggested the importance of c-KIT
expression in a wide variety of human malignancies be-
sides CML and GISTs, including germ cell tumors, small-
cell lung carcinoma (SCLC), neuroblastoma, melanoma,
ovarian carcinoma, breast carcinoma (reviewed in [4])
and, more recently, both exocrine [17] and endocrine [18]
pancreatic tumors. However, in most of these cases the
role of c-KIT in the neoplasia is not completely under-
stood. Although it was reported that c-KIT kinase activity
may help cell proliferation in some types of cancers [19,
20], in some other tumors such as breast cancer [21],
thyroid tumors [22], and ovarian cancer [23], the malig-
nant transformation and disease progression seem to as-
sociate with a loss of ¢-KIT protein expression. Moreover,

activating mutations such as those found in GISTs have
not been found in SCLC [24].

Similarly, reports offering a contrasting view on the
role of c-KIT in CRC have been published: Bellone et al.
showed that increased immunoreactivity to c-KIT is as-
sociated with neoplastic colonic tissues [10], whereas
other groups have suggested that immunohistochemical
staining for c-KIT is a rare event in human CRC [11, 12,
13]. A possible reason for these conflicting results is that
the authors did not correlate the expression of c-KIT in
both the normal and neoplastic colon tissue for each pa-
tient examined.

In order to shed light on the importance of c-KIT ex-
pression in CRC, we attempted to examine c-KIT ex-
pression changes between normal and transformed co-
lonic epithelium. To this end, we enrolled 20 subjects
who underwent surgical resection and we investigated c-
KIT expression levels in both normal and neoplastic colon
tissue of each patient by Western blot, RT-PCR, and
immunohistochemistry.

We found that c-KIT expression was decreased in the
progression from normal to cancer in 67% of the patients
when examined by RT-PCR and in 80% of the patients
when examined by Western blot analysis. Thus, in the
majority of cases there is an agreement between results of
Western blot analysis and RT-PCR. The discrepancy
observed in the three cases in which c-KIT was detected
by RT-PCR but not by Western blot (patients 2, 18 and
20, Table 2) might be due to a difference in sensitivity of
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the two techniques. A possible explanation for the lower
signal that in most cases was observed in the neoplastic
specimens of the patients both by Western blot and RT-
PCR is given by the results of immunihistochemistry
study.

The immunohistochemical localization of c-KIT pro-
tein in the normal colon showed, as expected [11, 12, 25],
a positive staining restricted to interstitial cells of Cajal,
fibroblasts and mast cells scattered in the stroma, whereas
the non-neoplastic epithelium was always negative. Sim-
ilarly, in most neoplastic samples the transformed epi-
thelium was negative. Due to the proliferation of the
epithelial compartment, the stroma with the c-KIT-posi-
tive cells was reduced in neoplastic samples as compared
with the matched normal samples. Thus, this reduction in
the stroma content may account for the lower signal ob-
served by Western blot and RT-PCR in most neoplastic
specimens. Indeed, since we did not perform a systematic
stripping procedure to isolate the mucosal layer, normal
samples were more likely to include an intact submucosa,
and possibly some cells from the muscular layers of the
colonic wall, which are known to express c-KIT [25].
On the other hand, the neoplastic tissue was collected
from exofitic lesions arising in the colon lumen, which
had invaded and disrupted the submucosa. Therefore, the
neoplastic samples were essentially composed by trans-
formed epithelial cells.

As for the single patient that showed overexpression of
c-KIT by Western blot in the tumor, we observed that the
receptor was strongly expressed in the neoplastic epithe-
lium. Thus, a positive correlation between c-KIT over-
expression and neoplastic transformation occurs only in
5% of the patients in this study.

It is noteworthy to mention that we found five samples
(patients 6, 7, 9, 18 and 19) with focal c-KIT reactivity in
the neoplastic epithelium by immunohistochemistry (la-
beled with an asterisk in Table 2) which were not found to
express c-KIT protein and/or mRNA by Western blot and
RT-PCR. These data suggest that immunohistochemistry
might give some non-specific results, as recently sug-
gested [26], and should be integrated with other tech-
niques for reliable evaluation of c-KIT expression, at least
in CRC.

Interestingly, the very aggressive histological subtypes
of cancer (patients 1, 5, 8, 12, and 13), herein classified as
mucinous carcinomas and cloacogenic carcinoma, did not
express ¢-KIT in the tumor cells. On the other hand,
among the other aggressive carcinomas (G3 in Table 1)
we found that only three samples displayed c-KIT reac-
tivity in the epithelium, (patients 3, 16 and 17); however,
samples 3 and 16 did not express c-KIT protein or mRNA
when examined by Western blot or RT-PCR analyses and
only patient 17 was confirmed to overexpress the receptor
in the neoplastic tissue at the molecular level. In a pre-
vious study in which a larger set of patients was analyzed
(153 patients) it was shown that only two samples were

positive to c¢-KIT by immunohistochemistry: these sam-
ples were classified as cloacogenic carcinomas T3N2Mx
[13]. We examined only one cloacogenic carcinoma and it
showed no expression of c-KIT by immunohistochemistry
and Western blot. The heterogeneity of histotypes ex-
amined in our study and the limited number of samples
for each histotype do not allow one to infer a clear cor-
relation between c-KIT expression and the type of colon
carcinoma under consideration. On the other hand, it is
clear from our study and previous work [13] that ex-
pression of ¢c-KIT in CRC is a rare event.

Interestingly, in one subject (patient 20) we noticed the
presence of a truncated form of ¢-KIT of 27 kDa in both
normal and cancer tissues. This could be noteworthy be-
cause the presence of a c-KIT truncated form of the same
size has already been observed in several colon cancer
cell lines [27, 28]. Furthermore, our lab has cloned the
mouse homologue of this alternative c-KIT product [29]
and has shown that it is a strong activator of the Src-like
kinases [30], a family of enzymes whose aberrant acti-
vation is associated with some human colon cancers [31,
32].

To date, a number of small molecules have been dem-
onstrated to exert inhibition of tyrosine kinase activity
in vivo and they are promising tools in the treatment of
many human malignancies [33]. One of these compounds,
STI571, selectively inhibits three tyrosine kinases: the
soluble Abl, the PDGF receptor, and the c-KIT receptor,
and it has been used with interesting results in the treat-
ment of two very different cancers in which these protein
kinases are aberrantly activated: CML and GISTs [15,
16]. Since most colorectal adenomas develop slowly be-
fore they become malignant, their gradual progression
provides multiple opportunities to counteract tumor de-
velopment. Recently, it has been proposed that STIS71
might prove to be useful also for CRC therapy because
STI571 inhibits cell proliferation and promotes apoptosis
in HT29 cells [34]. However, although it was effective in
vitro on a cell line, the study did not address the question
of whether or not c-KIT activation occurs in primary
CRCs.

Finally the finding that no tags for c-KIT were found in
SAGE libraries of colon adenocarcinoma, suggesting that
c-KIT expression is not a common event in this neoplasia,
is in agreement with the results of our study showing that
c-KIT expression is associated with a very small per-
centage of CRCs.

Conclusion

Our results indicate that while most normal colon samples
express c-KIT as evaluated by RT-PCR (88% positive)
and Western blot (90% positive), the majority of colon
tumor samples examined did not express the receptor at
mRNA (70% negative) or protein levels (90% negative).
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However, as judged by immunohistochemistry, this de-
crease seems to be due to the reduction of stroma com-
partment, which contains ¢-KIT positive interstitial cells
of Cajal, fibroblasts and mast cells, in neoplastic samples.
We found that normal colon epithelium was always neg-
ative, whereas in 25% of the neoplastic samples the epi-
thelium was reactive to c-KIT. However, in only one
sample (5% of the patients examined) this c¢-KIT immu-
noreactivity was confirmed by detection of ¢-KIT protein
and mRNA with the other techniques. Thus, we suggest
that c-KIT expression should be accurately evaluated
with multiple techniques, when possible, to avoid the non-

specific artifacts of immunohistochemistry observed in
our study.

In conclusion, while an anti-c-KIT therapy may not be
generally recommended for CRC, the use of c¢-KIT in-
hibitors together with conventional chemotherapy could
be of some interest in clinical trials conducted in select-
ed sub-groups of CRC patients, subsequent to the clear
demonstration of c-KIT overexpression in the neoplastic
cells.
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